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Some Basics About FungiSome Basics About Fungi
•• Fungi are everywhereFungi are everywhere

•• Job: Break down matter to organic building Job: Break down matter to organic building 
blocksblocks

•• Fungi include yeasts, Fungi include yeasts, moldsmolds, mildews, large , mildews, large 
mushrooms, puffballs and bracket fungimushrooms, puffballs and bracket fungi

•• Don’t DiscriminateDon’t Discriminate:  They come in all colors:  :  They come in all colors:  
green, orange, white and brown AND blackgreen, orange, white and brown AND black



Health Effects of MoldsHealth Effects of Molds

•• Allergic ReactionsAllergic Reactions
•• Hay fever, allergic rhinitis, hypersensitivity Hay fever, allergic rhinitis, hypersensitivity 

pneumonitis, asthmapneumonitis, asthma

•• InfectionsInfections
•• Colds, TB, Flu, Colds, TB, Flu, legionellalegionella, etc., etc.

•• Irritation and Toxic ReactionsIrritation and Toxic Reactions
•• Mycotoxins, Mycotoxins, endotoxinsendotoxins, , MVOC’sMVOC’s
•• StachybotrisStachybotris



Allergic RhinitisAllergic Rhinitis

•• Most common response to moldMost common response to mold
•• Prevalence rate of 10% Prevalence rate of 10% -- 20% of 20% of 

population.population.
•• SymptSympt. . -- Runny and congested nose, Runny and congested nose, 

inflamed throat and eyes, sneezing, inflamed throat and eyes, sneezing, 
etc.etc.

•• Caused by Caused by IgEIgE mediated inflammation mediated inflammation 
and histamine release.and histamine release.



Hypersensitivity PneumonitisHypersensitivity Pneumonitis

•• Caused by repeated or continuous Caused by repeated or continuous 
exposure to antigenic substances.exposure to antigenic substances.

•• Flu symptoms Flu symptoms -- chills, fever, malaise, chills, fever, malaise, 
cough, difficulty breathing.cough, difficulty breathing.

•• GranulomatousGranulomatous lesions within the lung.lesions within the lung.
•• Easily misdiagnosed.Easily misdiagnosed.

•• SarcoidosisSarcoidosis



Irritant EffectsIrritant Effects
•• Affect mucous membrane of eyes, Affect mucous membrane of eyes, 

nose, throat and mouthnose, throat and mouth
•• Caused by organic chemicals produced Caused by organic chemicals produced 

by mold and released into indoor airby mold and released into indoor air
–– Alcohols, aldehydes and acidic moleculesAlcohols, aldehydes and acidic molecules
–– Associated with “pungency”; initiates Associated with “pungency”; initiates 

avoidance reactionsavoidance reactions
–– Breath holding; discomfort; itching, Breath holding; discomfort; itching, 

burning skinburning skin



Irritant Effects:  OdorsIrritant Effects:  Odors

•• Adverse reactions to odorsAdverse reactions to odors

–– Perception is highly variablePerception is highly variable

–– Headache, nasal stuffiness, nausea or Headache, nasal stuffiness, nausea or 
vomitingvomiting



InfectionsInfections
•• Uncommon except in immune Uncommon except in immune 

compromised individualscompromised individuals
•• Very common in hospitalsVery common in hospitals
•• Aspergillus Aspergillus fumigatusfumigatus associated with associated with 

infections (“infections (“AspergillosesAspergilloses”)”)
•• Can affect skin, eyes, lung, etc.Can affect skin, eyes, lung, etc.
•• Other fungi cause infections, but don’t Other fungi cause infections, but don’t 

generally grow indoorsgenerally grow indoors



Stachybotrys Stachybotrys chartarumchartarum
The “Deadly Black Mold”The “Deadly Black Mold”

•• ToxigenicToxigenic fungi implicated in pulmonary fungi implicated in pulmonary 
hemosiderosishemosiderosis..

•• Produces Produces trichothecenetrichothecene mycotoxinsmycotoxins

•• Cluster of 10 cases of PH in Cleveland.Cluster of 10 cases of PH in Cleveland.
•• Associated with major water damage,increased Associated with major water damage,increased 

fungal levels.fungal levels.
•• Major concern was S. Major concern was S. chartarumchartarum..
•• Published in MMWR and journals.Published in MMWR and journals.



Stachybotrys (cont)Stachybotrys (cont)

•• Special Panel ReviewSpecial Panel Review
•• Sample results were not correct.Sample results were not correct.
•• Sampling was not blind.Sampling was not blind.
•• Water damage in control and test homes gave equal S. Water damage in control and test homes gave equal S. 

chartarumchartarum presence.presence.
•• PH not found in other flood areas with S. PH not found in other flood areas with S. chartarumchartarum..

•• Not sufficient evidence to support an Not sufficient evidence to support an 
association.association.

•• Need inhaled dose of Need inhaled dose of 3.5x103.5x1099 sporesspores to equal to equal 
animal toxic dose, too high to be found animal toxic dose, too high to be found 
indoorsindoors



Health Effects of MoldHealth Effects of Mold

•• There are no air or concentration There are no air or concentration 
standards for moldstandards for mold

•• This is due to Difference Principle:This is due to Difference Principle:

“Different molds effect different people “Different molds effect different people 
differently”differently”



Organizations on Mold & Organizations on Mold & 
HealthHealth

•• CDC:  Supports only allergy, irritation & CDC:  Supports only allergy, irritation & 
InfectionInfection

•• ACOEM:  allergy, irritation & infectionACOEM:  allergy, irritation & infection
•• Numerous other Medical groups, Numerous other Medical groups, 

support only allergy, irritation & support only allergy, irritation & 
infectioninfection



National Academy of ScienceNational Academy of Science
Damp Indoor Spaces and Damp Indoor Spaces and 

HealthHealth
May 25, 2004May 25, 2004

•• Sponsored by CDC, thru Institute of MedicineSponsored by CDC, thru Institute of Medicine

•• Largest Study To date of Mold & Health Largest Study To date of Mold & Health 
EffectsEffects

•• Data Support correlation of Mold Exp &:Data Support correlation of Mold Exp &:
–– Symptoms in asthmatics allergic to moldSymptoms in asthmatics allergic to mold
–– Symptoms of coughing, wheezing, Upper Symptoms of coughing, wheezing, Upper 

Respiratory Tract Illness in healthy adultsRespiratory Tract Illness in healthy adults
–– HP in genetically susceptible adultsHP in genetically susceptible adults



NASNAS--IOM Study on MoldIOM Study on Mold

•• Data shows Data shows PossiblePossible correlation of mold &:correlation of mold &:
–– New onset of asthma, shortness of breath & LRI New onset of asthma, shortness of breath & LRI 

in healthy childrenin healthy children

•• Animal & cell culture studies show toxic Animal & cell culture studies show toxic 
effects, but not extrapolated to humanseffects, but not extrapolated to humans

•• Data Data DID NOT DID NOT support mold exp &:support mold exp &:
–– Symptoms of fatigue, Symptoms of fatigue, neuropsychiatricneuropsychiatric disorders disorders 

or many other symptomsor many other symptoms



Causes of Mold ProblemsCauses of Mold Problems

•• ReservoirReservoir
•• Moisture, food, warmthMoisture, food, warmth
•• Selection factorsSelection factors

•• Method of disseminationMethod of dissemination
•• Ventilation systemVentilation system
•• Air currentsAir currents

•• Susceptible individualsSusceptible individuals



Moisture and Mold ProblemsMoisture and Mold Problems

•• Moisture, Moisture, Moisture.Moisture, Moisture, Moisture.
•• Moisture Infiltration.Moisture Infiltration.

•• GroundwaterGroundwater
•• Sprinkler SystemsSprinkler Systems
•• Roof LeaksRoof Leaks

•• Internal Moisture.Internal Moisture.
•• HumidityHumidity
•• Evaporative CoolersEvaporative Coolers
•• Condensate PansCondensate Pans



























Mold Sampling MethodsMold Sampling Methods

•• NonNon--viable Samplesviable Samples
•• Tape samplesTape samples
•• Bulk SamplesBulk Samples

•• Viable SamplesViable Samples
•• Bulk SamplesBulk Samples
•• Cascade Cascade ImpactorsImpactors

•• Polymerase Chain ReactionPolymerase Chain Reaction









Is Sampling Necessary?Is Sampling Necessary?

•• Is visible mold present?Is visible mold present?
•• Has there been water intrusion into the Has there been water intrusion into the 

building?building?
•• Has hypersensitivity Has hypersensitivity pneumonitispneumonitis been been 

diagnosed in the building?diagnosed in the building?
•• What are the specific aims for a What are the specific aims for a 

sampling program?sampling program?
•• How much money do you have?How much money do you have?



Why not to conduct bioaerosol Why not to conduct bioaerosol 
sampling.sampling.

•• To determine the presence or absence To determine the presence or absence 
of a bioaerosol.of a bioaerosol.

•• To determine if an area is safe.To determine if an area is safe.
•• To determine the cause of frequent To determine the cause of frequent 

colds, flu, rashes, etc..colds, flu, rashes, etc..
•• To show that mold from the carpet, etc. To show that mold from the carpet, etc. 

is entering the air.is entering the air.



What do the Results Mean????What do the Results Mean????

•• Factors to look at:Factors to look at:
•• Numbers presentNumbers present
•• Species presentSpecies present
•• Comparison to control areasComparison to control areas
•• Comparison to outside levelsComparison to outside levels

•• Are there any standards?Are there any standards?



Case #1                  Case #1                   
Air Sampling ResultsAir Sampling Results

Location Total
Fungi

Penicil.
Sp.

Clado.
Sp.

Outside 495 18 272
B-147 36 12 18
A-102 77 41 12
B-122 89 24 30
C-113 2915 2037 7
D-107 259 41 42



Case #2Case #2
Airborne Sampling ResultsAirborne Sampling Results

Location Tot.
Fungi

Penicil.
Sp.

Aspergil.
Sp.

Outside 813 80 0

Old Barn 1095 100 500

Slaughter
House

85,760 85,760 0



Case #3Case #3
Airborne Sampling ResultsAirborne Sampling Results

Location Tot.
Fungi

Aspergil.
Sp.

Cladosp.
Sp.

Outside 251 3 150
A127 356 238 53
A113 131 78 36
A117 148 0 106
A106 18 12 6



Blank ResultsBlank Results

•• 148 148 Aspergillus sp.Aspergillus sp.
•• 36 36 Penicillium sp.Penicillium sp.



Is Remediation Necessary?Is Remediation Necessary?

•• Is there a potential for exposure?Is there a potential for exposure?
•• What is the potential for health effects?What is the potential for health effects?
•• What risks will remediation present?What risks will remediation present?

•• Employees and residents.Employees and residents.
•• Remediation workers.Remediation workers.

•• Is Remediation likely to be successful?Is Remediation likely to be successful?
•• Cost Cost -- Benefit of remediation.Benefit of remediation.



When Should Remediation be When Should Remediation be 
Conducted?Conducted?

•• OnlyOnly after the initial cause has been after the initial cause has been 
corrected!!!!corrected!!!!

•• If visible biological contamination has If visible biological contamination has 
been found.been found.

•• If chronic moisture control problems If chronic moisture control problems 
have occurred.have occurred.

•• If the facility has been found to be If the facility has been found to be 
producing a bioaerosol.producing a bioaerosol.



Goals of remediationGoals of remediation

•• To remove bioaerosol sources within To remove bioaerosol sources within 
the building.the building.

•• To protect occupants during To protect occupants during 
remediation process.remediation process.

•• To protect remediation workers.To protect remediation workers.
•• To prevent the spread of biological To prevent the spread of biological 

material to previously uncontaminated material to previously uncontaminated 
areas.areas.



Health Concerns During Health Concerns During 
RemediationRemediation

•• Dust exposure for sensitive individuals.Dust exposure for sensitive individuals.
•• Allergic response from sensitized Allergic response from sensitized 

individuals.individuals.
•• AsthmaAsthma
•• AtopicAtopic
•• Hypersensitivity Hypersensitivity PneumonitisPneumonitis

•• Organic Dust Toxic Syndrome (ODTS)Organic Dust Toxic Syndrome (ODTS)
•• Fever, fluFever, flu--like symptoms, respiratory affects.like symptoms, respiratory affects.



Guidelines for RemediationGuidelines for Remediation

•• New York City, Dept. of Health New York City, Dept. of Health 
Guidelines.Guidelines.

•• ACGIH Bioaerosols: Assessment and ACGIH Bioaerosols: Assessment and 
ControlControl

•• EPA Mold Remediation in Schools and EPA Mold Remediation in Schools and 
Commercial BuildingsCommercial Buildings



Items to be ConsideredItems to be Considered

•• Hard easily cleanable surfacesHard easily cleanable surfaces
•• SemiSemi--porous surfacesporous surfaces
•• Porous surfacesPorous surfaces
•• Structural surfacesStructural surfaces
•• Furniture, papers, etc.Furniture, papers, etc.
•• Cooling towers, humidification systems, Cooling towers, humidification systems, 

and HVAC systems.and HVAC systems.



Easily Cleanable SurfacesEasily Cleanable Surfaces

•• Examples Examples -- metals, glass, plastic, etc.metals, glass, plastic, etc.
•• MitigationMitigation

•• Not frequently involved.Not frequently involved.
•• Can be cleaned with a detergent or Can be cleaned with a detergent or 

disinfectant/detergent.disinfectant/detergent.



SemiSemi--Porous SurfacesPorous Surfaces

•• Examples Examples -- Wood studs, paneling, Wood studs, paneling, 
furniture, etc.furniture, etc.

•• Reusability depends upon:Reusability depends upon:
•• Structural integrityStructural integrity
•• necessitynecessity
•• Ease of cleaningEase of cleaning

•• Clean by removing fungi and Clean by removing fungi and 
refinishing.refinishing.



Porous SurfacesPorous Surfaces

•• Examples Examples -- carpeting, fabric, pads, dry carpeting, fabric, pads, dry 
wall, furniture.wall, furniture.

•• If contaminated with actual mold If contaminated with actual mold 
growth, removal may be necessary.growth, removal may be necessary.

•• Even if mold growth did not occur, Even if mold growth did not occur, 
spores and odors may be present.spores and odors may be present.

•• Washing and HEPA vacuuming may help Washing and HEPA vacuuming may help 
remove contamination.remove contamination.



Porous Surfaces (Cont)Porous Surfaces (Cont)

•• Dry WallDry Wall
•• Remove water damaged material.Remove water damaged material.
•• Remove moldRemove mold--contaminated material.contaminated material.

•• FurnitureFurniture
•• Water damaged Water damaged -- removeremove
•• NonNon--damaged damaged -- Clean and disinfect if possible.Clean and disinfect if possible.

•• Papers and BooksPapers and Books
•• Discard water damaged items.Discard water damaged items.
•• Freeze drying or cleaning may be possible.Freeze drying or cleaning may be possible.



HVAC SystemsHVAC Systems

•• Air Handler DecontaminationAir Handler Decontamination
•• Duct DecontaminationDuct Decontamination



Air Handler DecontaminationAir Handler Decontamination

•• Primary problem areas:Primary problem areas:
•• Drip panDrip pan
•• Fiberglass liningFiberglass lining
•• FiltersFilters
•• Heat exchangersHeat exchangers

•• DO NOTDO NOT decontaminate while in use decontaminate while in use 
and occupied!!!!!!and occupied!!!!!!



Drip PansDrip Pans

•• Must be designed to drain.Must be designed to drain.
•• AntiAnti--siphonsiphon
•• AntiAnti--vacuumvacuum
•• CleanClean

•• Clean drain pans when necessary.Clean drain pans when necessary.
•• Can disinfect and clean when not in Can disinfect and clean when not in 

service.service.
•• Do not use continuous disinfectant.Do not use continuous disinfectant.



Duct SystemsDuct Systems

•• Lined and Unlined DuctsLined and Unlined Ducts
•• Condition of liningCondition of lining
•• Cleanliness of liningCleanliness of lining
•• System moistureSystem moisture

•• Duct Cleaning (To Clean or Not to Duct Cleaning (To Clean or Not to 
Clean)Clean)

•• Reheat systems may be cloggedReheat systems may be clogged
•• Chemicals should not be usedChemicals should not be used





FiltersFilters

•• Replacement scheduleReplacement schedule
•• Effect on filtration.Effect on filtration.
•• Effect on flow.Effect on flow.

•• Poor maintenancePoor maintenance
•• Missing filtersMissing filters
•• Inappropriate sizeInappropriate size
•• Filter typeFilter type



New York GuidelinesNew York Guidelines

•• Guidelines are for both areas and the Guidelines are for both areas and the 
HVAC System.HVAC System.

•• Level 1:  Small Isolated AreasLevel 1:  Small Isolated Areas
•• Level 2:  MidLevel 2:  Mid--Sized Isolated AreasSized Isolated Areas
•• Level 3:  Large Isolated AreasLevel 3:  Large Isolated Areas
•• Level 4:  Extensive ContaminationLevel 4:  Extensive Contamination
•• Level 5:  Remediation of HVAC SystemsLevel 5:  Remediation of HVAC Systems

•• Less than 10 sq.ft.Less than 10 sq.ft.
•• Greater than 10 sq.ft.Greater than 10 sq.ft.



ACGIH RecommendationsACGIH Recommendations

•• Minimal ContaminationMinimal Contamination
•• Source ContainmentSource Containment
•• Dust PreventionDust Prevention
•• N95 and glovesN95 and gloves

•• Moderate ContaminationModerate Contamination
•• Local ContainmentLocal Containment
•• Eye and body protectionEye and body protection

•• Extensive ContaminationExtensive Contamination
•• Full ContainmentFull Containment



EPA Mold Remediation in Schools EPA Mold Remediation in Schools 
and Commercial Buildingsand Commercial Buildings

•• Areas Less than 10 sq.Ft.Areas Less than 10 sq.Ft.
•• NN--95 Respirator, gloves and goggles95 Respirator, gloves and goggles
•• No ContainmentNo Containment

•• 10 sq. ft. to 100 sq.ft.10 sq. ft. to 100 sq.ft.
•• Limited or full protectionLimited or full protection
•• Limited containmentLimited containment

•• > than 100 sq.ft.> than 100 sq.ft.
•• Full personal protectionFull personal protection
•• Full containmentFull containment



Remediation EffectivenessRemediation Effectiveness

•• Primary criterion = can people reoccupy Primary criterion = can people reoccupy 
the space.the space.

•• Remediation samples:Remediation samples:
•• Surface SamplesSurface Samples
•• Air SamplesAir Samples
•• Absence of mold or water damaged material.Absence of mold or water damaged material.

•• If cause has not been If cause has not been remediatedremediated, the , the 
problem will be back.problem will be back.
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